Purpose To determine the association of maternal factors and exposure during pregnancy with the incidence in newborns of epibulbar dermoid (ED), a congenital ocular surface benign tumor. Patients and methods This is a retrospective, paired case-control study in which 121 children with ED (case group) and 121 children without ED (control group) were recruited. Questionnaire-based interviews with mothers of participants were performed and maternal medical records during pregnancy were reviewed. The questionnaire investigated basic information, personal history, environmental exposure, exposure to maternal diseases, symptoms and corresponding medical treatments during pregnancy, and parental socioeconomic status. The case and control participants were matched for sex, birth weight, gestational age, and parental socioeconomic status level. Univariate and multivariate logistic regression analyses were conducted with ED as the main outcome variable. Results Factors significantly associated with ED were: history of maternal inevitable miscarriage (odds ratio (OR), 2.59; 95% confidence intervals (CI), 1.13-5.90), common cold in the first trimester (OR, 3.94; CI, 1.74-8.93), and paternal smoke exposure 4half a pack per day during pregnancy (OR, 4.81; CI, 1.74-13.28). Conclusion History of maternal miscarriage, common cold exposure in the first trimester, and paternal smoking (4half a pack per day) during pregnancy could result in significant risk factors for ED of newborns. These data also imply that paternal smoking delivers nicotine to maternal respiratory system and uterine microenvironment that may both affect microvascular development and predispose the fetus to future ED.
Introduction
Epibulbar dermoids (EDs) are congenital, benign tumors involving the cornea and subconjuntiva, occasionally invading the anterior chamber. 1 As a subtype of epibulbar choristomas, the tumor consists of a combination of ectodermal and mesodermal elements including hair, fat, keratinized epithelium, sebaceous glands, fibrous tissue, and blood vessels. Epibulbar choristomas can be observed in one-three of 10 000 newborns, 2 and EDs are the most common epibulbar choristomas 3 and, moreover, the most common ocular congenital tumors. 4 EDs may hinder the visual development of newborns and cause visual impairment and cosmetic problems if untreated. 5 For example, a recent study containing eight children with median-sized ED showed that all the participants had astigmatism. 6 Surgical removal of the tumors along with corneal transplantation, therefore, is indicated. 3 The etiology of ED is obscure. Paired Box 6 (PAX6) is a transcription factor that plays a key role in limbal stem cells and corneal epithelial fate determination and maintenance. 7, 8 A recent study showed that PAX6 was completely absent from corneal dermoid tissue, suggesting its association with the pathogenesis of corneal dermoids, a subtype of ED; 9 nicotine is a potential environmental factor associated with this PAX6 absence. 10 Concerning genetic factors, most ED cases are considered sporadic. However, several hereditary forms of ED have been reported, including ring dermoids, 11 chromosome Xq24-qter corneal dermoids, 12 Goldenhar syndrome, 13 and trisomy 8 mosaic syndrome. 14, 15 In contrast with the progress in understanding genetic risk factors in recent years, little is known about the environmental risk factors for ED. Oculo-auriculovertebral spectrum is a complex and heterogeneous condition that encompasses a variety of defects in structures derived from the first and second branchial arches, including Goldenhar syndrome with ED. 13 A population-based case-control study conducted in Spain indicated that oculo-auriculo-vertebral spectrum had a higher incidence in the infants of diabetic mothers than in the general population. 16 However, these results are only weakly associated with risk of ED, because Goldenhar syndrome is relatively rare and only comprises a small proportion of ED cases.
The current study attempted to investigate the potential association of maternal and paternal factors and exposure during pregnancy with ED in a large and well-defined group of patients who were diagnosed and followed at a national medical center. Nicotine exposure and maternal diabetes mellitus were included, as well as other factors related to congenital malformations derived from the same embryotic origin (ectoderm and mesoderm) as ED. [17] [18] [19] [20] [21] [22] [23] 
Methods
This study had a paired case-control design. 24 A total of 121 Chinese children with ED who came consecutively to the Department of Ophthalmology and Vision Science at the Eye and ENT Hospital, School of Shanghai Medicine, Fudan University, Shanghai, China (Eye & ENT Hospital) from 2014 to 2015 were initially considered for this study. ED was diagnosed by two clinicians from the hospital. All of the patients' parents agreed to participate, and attended an appointment to be interviewed. A total of 140 Chinese children without ED were invited as the control group following identification through community health records. All the control children and their parents lived in a large community in Shanghai. Because of financial reasons, we did not invite the patients' relatives from various other places in China to come to Shanghai to be interviewed. The parents of two (1.4%) of the children declined to participate, and the parents of three (2.1%) children did not attend the appointment. All the remaining children were enrolled, born during the past 7 years. Because ED is a congenital malformation that occurs at birth, we did not age match the case and control children.
The questionnaire was administered by a researcher who was not part of the team of clinicians diagnosing and treating the patients of ED in a blinded fashion. The mothers of patients were interviewed after the diagnostic work-up was finished, but they were not informed of the possible association between any factor and ED during routine visits. To limit the recall bias, we also reviewed prenatal logbooks, and records of serological, blood pressure, hemoglobin, and blood sugar tests. The medical records were copies provided by the mothers.
The structured questionnaire contained four main sections. The first section concerned the basic information and personal history of the mother (pregnancy age, diabetes mellitus history, gestation history, miscarriage history, and hepatic virus B carrying history). The second section focused on exposure to maternal diseases, and symptoms and corresponding medical treatments during pregnancy that could potentially be risk factors for congenital anomalies of the newborn; these included pregnancy-induced hypertension, gestational diabetes mellitus, anemia, common cold, low serum progesterone in the first trimester, threatened miscarriage, antibiotic medication, and progesterone medication. The definitions of these health statuses were stated in the Supplementary Appendix. The time of disease occurrence and duration was also recorded. The third section focused on maternal environmental exposures, including tobacco smoking, paternal smoking, and exposure to formaldehyde, pesticides, and X-rays during pregnancy. All the mothers were asked to describe their work place and their house, especially from the following aspect: whether the place was newly decorated or whether it was close to farming land; how long and how often they stayed in there; whether there were other ways that could potentially lead the mothers to formaldehyde or pesticide exposure. All the parents were asked about whether he or she smoked before and during maternal pregnancy, what the smoking frequency and smoke loading were, whether there was a period (41 month) in which he or she did not smoke at all, and whether the couples live together. In addition, records of X-ray test, for any part of the body, were asked about and reviewed from the logbook. The last section was to collect information on parental socioeconomic status, based on the real-time Prasad's social classification scale 25 including median education level, occupation status, and monthly family income. To balance the regional differences of consumption levels, the monthly family income classification was adjusted with domestic consumer price indexes obtained through the online database on the official website of National Bureau of Statistics of China.
The case and control participants were designed to be case matched for sex, gestational age (o1 week apart), birth weight (o100 g difference), and parental socioeconomic status level. Fourteen control participants were excluded for the statistical analysis because of match failure. Thus, 121 case-control pairs remained.
The study was conducted in the Department of Ophthalmology and Vision Science at the Eye and ENT Hospital in accordance with the tenets of the Declaration of Helsinki, and was approved by the ethics committee of the Eye and ENT Hospital. As all the participants were under 18 years old, the mothers of the participants signed an informed consent form. Privacy was preserved through using alphanumerical code identifiers.
Data were analyzed using IBM SPSS Statistics, version 19.0 (IBM, Armonk, NY, USA) and PASS version 11.0.7 (NCSS, LLC, Kaysville, UT, USA). A P-value of o0.05 was considered significant. The unpaired t-test was used to analyze the difference in pregnancy age of the mothers. For categorical variables, crude odd ratios (ORs) were calculated using conditional asymptotic or exact univariate logistic regression models, depending on the variable itself. A multivariate conditional logistic regression model was adapted to include the matching effect. The variable selection method for the model was back elimination, and was based on the algorithm by Hosmer and Lemeshow. 26 The values of exp(B), indicated as odd ratios, were shown with the corresponding 95% confidence intervals and statistical significance. Collinearity was analyzed via χ 2 2 × 2 test within the total group. In addition, power tests were performed to identify whether the sample size was large enough. The value of φ was set to be 0.15. A power value of 0.8 or more was recognized as a high calculation power. Table 1 summarizes the ED patient characteristics. Of the 121 patients, two had Goldenhar syndrome, and two mothers of the recruited patients were found to have undergone X-ray test for chest during pregnancy. No statistically significant difference was found in the median pregnancy age between mothers of case and control participants (27.73 ± 3.90 (SD) vs 29.67 ± 3.45, P = 0.152) and also in the median age between the two groups of children (2.44 ± 1.99, ranging 0.5-6 vs 2.95 ± 1.75, ranging 0.5-7, P = 0.898). Mothers who caught common cold during pregnancy were divided into three following subgroups: those who caught common cold during first, second, and the last trimester of pregnancy. Low progesterone was found only during the first trimester among the recruited mothers. In addition, none of the mothers smoked, and all the fathers that were identified as smokers smoked before maternal pregnancy and throughout the whole pregnancy period. There was a significantly higher prevalence of history of maternal inevitable miscarriage (P = 0.008), exposure to the common cold in the first trimester (Po0.001), and paternal smoking 4half a pack (half a pack = 10 cigarettes) per day (P = 0.004) in case children compared with control children. In addition, mothers of the case children had a significantly greater prevalence of progesterone medication in the first trimester (P = 0.020). There was no significant difference between the mothers of case and control children in the prevalence of other variables including pregnancy-induced hypertension, gestational diabetes mellitus, anemia, low serum progesterone, threatened miscarriage, antibiotic Maternal factors and ED of newborn S Wu et al medication, and exposure to formaldehyde, pesticides, and X-rays during pregnancy ( Table 2 ). The statistical power of the tests for history of inevitable miscarriage, common cold in the first trimester were high (40.8), while the powers of the tests for the other factors listed were not.
Results
In the multivariate conditional logistic regression model, the factors significantly associated with ED were: history of maternal inevitable miscarriage (P = 0.023), exposure to the common cold in the first trimester (P = 0.001), and paternal smoking 4half a pack per day during pregnancy (P = 0.002, Table 3 ). The other covariates used in the model, including low serum progesterone, paternal smoking ≤ half a pack per day, threatened miscarriage, and progesterone medication, were not significantly associated with ED. The factor with the greatest statistical significance and the greatest odds ratio was paternal smoking 4half a pack per day.
No significant collinearity was found between either two of the three identified potential risk factors from the total group (Table 4) . However, all the calculation power values were lower than 0.1.
Discussion
Our results suggest that maternal history of inevitable miscarriage, common cold in the first trimester, and exposure to paternal smoking (4half a pack per day) during pregnancy were associated with an increased risk of ED for the newborn; in contrast, maternal exposure to Maternal factors and ED of newborn S Wu et al other factors including pesticides and X-rays known to possibly predispose to congenital anomalies, maternal diabetes mellitus history, and gestational diabetes mellitus were not significantly associated with ED. However, the above-mentioned median or low power of some of the tests means that the results indicating insignificant associations should be conservatively interpreted. Maternal exposure to the common cold during the second and third trimesters was not significantly associated with ED, supporting the previous finding that first trimester maternal influenza exposure was associated with an increased risk of many congenital anomalies. 27 Paternal smoking of no 4half a pack per day was not significantly associated with ED, suggesting a dose-dependent effect of tobacco. In multivariate analysis, all three factors remained significant after considering all potential confounders assessed in this study. Of note, two of the three factors (miscarriage and smoking) showed greater ORs in the multivariate logistic regression model than those in the univariate models. Paternal smoking 4half a pack per day yielded the greatest odds ratio among the three significant environmental factors, reemphasizing the importance of this risk factor for congenital anomalies according to previous studies. [28] [29] [30] Several studies have indicated that previous miscarriage could indicate a higher risk for poor outcomes in subsequent pregnancies, [31] [32] [33] especially those due to placental causes. 33 This might be related to a higher possibility of placental inflammation for pregnant woman with a history of pregnancy loss, 34 which may also trigger a fetal inflammatory response and vasculopathy. 35 Maternal common cold and smoke exposure during pregnancy are also possibly linked with fetal inflammation and abnormal vascular development. [36] [37] [38] These factors might potentially affect the differentiation of surface ectoderm and mesoderm during embryonic eye development. Moreover, a recent study found that nicotine could induce CpG methylation of a PAX6-binding motif, and thus inhibit downstream steroid hormone production essential to antiinflammatory effect and fetal development; 10 this might potentially correlate to the PAX6 loss identified by Li et al. 39 However, the exact mechanisms still remain unknown and need to be further investigated. Paternal smoking might also genetically affect sperm; 29 although little evidence is provided for this possible mechanism, it may offer a pathway to further investigate the genetic factors for ED in the future.
To our knowledge, this is the first study to investigate maternal risk factors for ED. We used a paired casecontrol design to maximize the likelihood that maternal factors were the only different variables for the participants and therefore should be the key determinants affecting whether neonates develop ED. Concerning the interaction among the significant factors, it is universally acknowledged that secondhand smoke exposure can increase the risk of respiratory diseases. 40 Smoke exposure is also a risk factor for miscarriage. 41 The sample size of our study was not sufficient to investigate whether there was an interaction or synergistic action among miscarriage history, the common cold, paternal smoking, and even genetic factors. This issue deserves further exploration.
This study had some limitations. First, because of the case-control and questionnaire-based approach, all assessments were based only on retrospective histories, and mothers of participants may have had difficulty ascertaining factors or exposures to specific agents. Although we reviewed the prenatal logbooks and laboratory test records as objective evidence, some maternal exposures, such as exposure to formaldehyde and pesticides, relied solely on the questionnaire answers, which could have potentially resulted in recall bias. Second, we did not investigate whether the fathers were using a nicotine replacement program during the pregnancy. Also, we are not able to identify whether the common cold was associated with influenza. Third, nutritional factors, which are associated with socioeconomic backgrounds, were also not included. Finally, the case participants came from various places in China, whereas the control group lived in Shanghai, so the two groups were not region matched. Therefore, the socioeconomic match in our study might be insufficient. It is possible that these factors could have influenced the results. This issue needs to be considered further in future research.
Although treating ED of newborns is primarily a mission for ophthalmological surgeons, the findings of this study are relevant to a much broader audience for ED as the most common congenital ocular tumor. Our study found that almost half of the ED newborns had other associated findings, especially accessory auricles, which is consistent with the previous findings that ED is not isolated in some occasions and many ED newborns could also be found to have accessory auricles. 42 Therefore, physicians, especially pediatricians and obstetricians, in outpatient settings have a major role in identifying potentially at-risk fetuses and providing early, primary prevention of ED. They should also provide counseling and advice on smoking cessation to fathers. Other physicians, including otologists, also have a role in treating associated findings such as accessory auricles. For some factors, such as pregnancy-induced hypertension, gestational diabetes mellitus, and formaldehyde exposure, the sample size of our study is too small to achieve a significant and meaningful result. Therefore, more research is necessary to further elucidate the risk factors and pathogenesis of ED, and this study is the first step to larger and more carefully controlled case-control studies that will continue this investigation. Also, with the current study linking paternal smoking to development of ED, and the knowledge we have of the effects of nicotine on molecular regulation, it would be worthwhile to evaluate ocular surface and anterior segment development in the eye of affected infants. We hope this study urges stronger counseling for miscarriage and for stopping smoking in husbands of pregnant women, and more aggressive programs to reduce secondhand smoke pollution.
Summary
What was known before K Genetic factors that predispose infants to ED have been studied, while maternal factors that may be associated with future risk for ED are less clear.
What this study adds K Through a case-control design, we determined that maternal miscarriage, common cold exposure in first trimester, and paternal smoking during pregnancy may be significant risk factors for ED in newborns. Our results highlight the importance of secondhand smoking prevention in pregnancy.
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